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This disclosure relates generally to the facile and selective 
mono-perfluoro and -polyfluoroarylation ofMeldrum's acid 
to generate a versatile synthon for highly fluorinated alpha­
phenyl acetic acid derivatives which provide straightforward 
access to fluorinated building blocks. The reaction takes 
place quickly and all products were isolated without the 
need for chromatography. An embodiment provides an alter­
native strategy to access alpha-arylated Meldrum's acids 
which avoids the need for aryl-Pb(IV) salts or diaryliodo­
nium salts and provides access to the tertiary product which 
was not previously synthetically accessible. The synthetic 
versatility and utility of the Meldrum's acid products is 
demonstrated by subjecting the products to several deriva­
tizations of the Meldrum's acid products as well as photo­
catalytic hydrodefluorination which provide access to diffi­
cult but valuable synthetic targets such as multifluorinated 
aromatics. 
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1 
FACILE AND SELECTIVE PERFLUORO-AND 
POLYFLUOROARYLATION OF MELDRUMS 
ACID 
2 
The reaction takes place quickly and most products were 
isolated without the need for chromatography. Importantly, 
this method provides an alternative strategy to access alpha­
arylated Meldrum's acids which avoids the need for aryl-
CROSS REFERENCE TO RELATED 
APPLICATIONS 
5 Pb(IV) salts or diaryliodonium salts. Furthermore, the syn­
thetic versatility and utility of the Meldrum's acid products 
is demonstrated by subjecting the products to several deriva­
tizations of the Meldrum's acid products as well as photo-This application claims the benefit of U.S. Provisional 
Patent Application Ser. No. 62/043,650 filed on Aug. 29, 
2014, and incorporates said provisional application by ref- 10 
erence into this document as if fully set out at this point. 
TECHNICAL FIELD 
This application relates generally to chemical methods 15 
and, more generally, to systems and methods for direct 
arylations of Meldrum's acid. 
BACKGROUND 
catalytic hydrodefluorination. 
Conditions that allow for clean, rapid, and operationally 
simple monoarylation of Meldrum's acid and its derivatives 
with a number of highly fluorinated arenes are taught herein. 
Furthermore, these adducts are demonstrated to be easily 
functionalizable and undergo typical reactions expected of 
Meldrum's acid. 
The Meldrum's acid (MA) of the present disclosure may 
be unsubstituted or it may be a Meldrum's acid analog 
variant. For the purpose of the present disclosure, the term 
Meldrum's acid shall include the unsubstituted form and all 
20 analog variants. 
The foregoing has outlined in broad terms some of the 
more important features of the invention disclosed herein so 
that the detailed description that follows may be more 
clearly understood, and so that the contribution of the instant 
Meldrum's acid was initially discovered in 1908 by 
Meldrum. However, the structure was not correctly identi­
fied for the next 40 years until it was correctly assigned by 
Davidson. Due to its anomalous acidity (pKa=7 .3 in DMSO) 
Meldrum's acid has a long and rich history as an activated 
nucleophile and, contrary to its malonate cousin, it can be 
hydrolyzed easily under acidic conditions which can allow 
for facile elaboration not possible with malonates. 
While strategies for the selective alkylation of Meldrum' s 
acid have been well developed, such as the reductive alky­
lation of aldehydes, coupling and reduction of carboxylic 
acids, their addition to Michael acceptors, substitution of 
Mitsunubu reagents, and alkyl halides, addition to cationic 
metal allyls-the corresponding arylation is far less devel­
oped. 
25 inventors to the art may be better appreciated. The instant 
invention is not to be limited in its application to the details 
of the construction and to the arrangements of the compo­
nents set forth in the following description or illustrated in 
the drawings. Rather, the invention is capable of other 
30 embodiments and of being practiced and carried out in 
various other ways not specifically enumerated herein. 
Finally, it should be understood that the phraseology and 
terminology employed herein are for the purpose of descrip­
tion and should not be regarded as limiting, unless the 
35 specification specifically so limits the invention. 
BRIEF DESCRIPTION OF THE DRAWINGS 
In contrast to alkylation of Meldrum's acid, very few 
methods exist for the direct alpha-arylation of Meldrum's 
acid. In fact, most commonly this motif is achieved via 
acetal or ketal formation of a malonic acid or its ketene 
derivative. A more direct approach would be to alpha-arylate 
These and further aspects of the invention are described in 
40 detail in the following examples and accompanying draw-
an already existing Meldrum's acid unit. Towards this goal, 
Chen and Stang have shown that diaryliodonium salts can 
afford direct arylation of Meldrum's acid (FIG. lA). Fur­
thermore, Pinhey has shown that aryl-leadtriacetates 
undergo facile coupling with Meldrum's acid (FIG. lB). 45 
Unfortunately, neither of these methods allows for selective 
monoarylation as the reaction always leads to the fully 
quaternerized. 
Thus, what is needed are methods that allow for the 
selective monoarylation of Meldrum's acid that possess a 50 
tertiary center or unsymmetric quatemerized center. 
ings. 
FIGS. lA-lC contain a schematic illustrations of prior art 
approaches (A) and (B) and an embodiment of the approach 
taught herein (C). 
FIG. 2 illustrates an example data set that teaches an 
approach to optimization of reaction conditions. 
FIG. 3 illustrates the addition of unsubstituted MA to 
fluorinated arenes. 
FIG. 4 illustrates the addition of diethylmalonate to unac­
tivated perfluoroarenes. 
FIG. 5 illustrates a failed direct alkylation of the adducts. 
FIG. 6 illustrates the addition of a-alkylated MA's to 
perfluoroarenes. 
FIG. 7 illustrates some utility of the MA-adducts. 
FIG. 8 illustrates an embodiment. 
FIG. 9 contains an illustration of some substrates that 
work without perfluoroarylation according to the instant 
invention. 
Before proceeding to a description of the present inven­
tion, however, it should be noted and remembered that the 
description of the invention which follows, together with the 
accompanying drawings, should not be construed as limiting 55 
the invention to the examples ( or embodiments) shown and 
described. This is so because those skilled in the art to which 
the invention pertains will be able to devise other forms of 
this invention within the ambit of the appended claims. FIG. 10 contains an exemplary Meldrum's acid analog 
60 with variations at the O,O-carbon of the present disclosure. 
SUMMARY OF THE INVENTION 
According to an embodiment, there is provided a facile 
and selective mono-perfluoro and polyfluoroarylation of 
Meldrum's acid to generate a versatile synthon for highly 65 
fluorinated alpha-phenyl acetic acid derivatives which pro­
vide straightforward access to fluorinated building blocks. 
DETAILED DESCRIPTION 
While this invention is susceptible of embodiment in 
many different forms, there is shown in the drawings, and 
will herein be described hereinafter in detail, some specific 
embodiments of the instant invention. It should be under-
US 10,316,014 B2 
3 
stood, however, that the present disclosure is to be consid­
ered an exemplification of the principles of the invention and 
is not intended to limit the invention to the specific embodi­
ments or algorithms so described. 
According to an embodiment, the instant disclosure 5 
teaches increasing the number of fluorinated arene building 
blocks as well as methods for their further elaboration. A 
method for direct per(poly)fluoroarylation of Meldrum's 
acid would be particularly ideal given the versatility of 
Meldrum's acid. Given that perfluoroarenes are known to 10 
readily undergo nucleophilic aromatic substitution (S
N
Ar), it 
was surprising to find that the addition of Meldrum's acid 
had never been reported (equation (3), FIG. 1) and an effort 
was initiated to develop this reaction. One goal was to 
determine whether Meldrum's acid is a competent nucleo- 15 
phile for S
N
Ar reactions of highly fluorinated arenes. 
One particularly suitable approach to the reaction of the 
present disclosure uses pentafluoropyridine and 1,5-dioxas­
piro[5.5]undecane-2,4-dione (MA) in which the normal 
[2,2] dimethyl group has been replaced with a cyclohexyl 20 
group-which is more soluble in most organic solvents and 
displays a greater hydrolytic stability than simple 
Meldrum' s acid (2,2-dimethyl-1,3-dioxane-4,6-dione) 
which can be prone to hydrolysis over prolonged time 
periods, along with diisopropylethylamine (DIPEA) in 25 
acetonitrile (FIG. 2). It should be understood, however, that 
unsubstituted MA is suitable (if not optimal) for the reaction 
of the present disclosure as well as other Meldrum's acid 
variants which are also contemplated. By way of example, 
and not limitation, suitable Meldrum's acid analog may be 30 
varied at the a position ( described further below) or may be 
varied at the O,O-carbon. Exemplary known suitable 
Meldrum's acid analog varied a the O,O-carbon are set out 
in FIG. 10 and may bear a single alkyl group (row 2), an aryl 
group (row 3), two alkyl groups (row 3), or cyclic alkyl 35 
groups (row 1 ). It will be understood by one of skill in the 
art that others may also be suitable and are contemplated. 
4 





(entry 9) were screened as bases. While triethylam­
ine gave similar conversions to the standard reaction ( entry 
1), it also yielded an undesirable N-arylated side-product. 
Thus, DIPEA was used for further studies. Finally, the effect 
of concentration was examined (entries 10-13). The rate of 
the reaction displayed a dependency on the concentration 
and thus the reactions were run at 1 M in order to shorten the 
reaction times. 
In an alternate embodiment, the reaction of the present 
disclosure could take place neat, i.e. without solvent. It is 
contemplated that the reaction would work as well or 
possibly better without any additional solvent. The amine 
and the acid would most likely form a salt melt which could 
go on to react with the perfluoroarene to give product. From 
a production standpoint, this would be attractive since it 
would reduce the amount of solvent used and the waste 
generated. 
With conditions in hand that provided product with 
remarkable speed and essentially free of unwanted side 
products, a workup of conditions that would allow isolation 
of the DIPEA-adduct salt from left over perfluoroarene were 
investigated, i.e., in this embodiment DIPEA and DIPEA­
HF salt. This was accomplished through a series of evapo-
ration, solvent change, and washing which resulted in ana­
lytically pure product. The workups allowed rapid isolation 
in high yield with no need for colunm chromatography 
which should facilitate its implementation on a larger scale. 
Given the reaction and workup conditions, the scope of 
the reaction was evaluated. In general, this reaction works 
extremely well for fluoroarenes that possess an activating 
functional group (i.e. an electron withdrawing group) (FIG. 
3). Specifically, the reaction worked well for pyridines (2a, 
2a' and 2j), nitro-substituted substrates (2c and 2e ), ketones 
(2f), nitriles (2g and 2i), and esters (2d) as well as trifluo­
romethyl groups (2b) and heterocycle substituted (2g and 
2h). One of skill in the art would recognize that difluorom­
ethyl groups would work as well. Selective addition to the 
C-4 (fluorine bearing) of 3-chloro-2,4,5-trifluoropyridine is
The reaction of a preferred embodiment preferably 
includes the addition of a base. A suitable base for the 
present disclosure is one which is sufficiently basic to 
deprotonate Meldrum's acid. In addition such a base is not 
prone to nucleophilic substitution. 
In looking at the data in the table of FIG. 2, several trends 
became clear. First, polar aprotic solvents worked well 
(entries 1-3) while protic-(entry 4), halogenated-(entry 
5), aromatic-(entry 6) and ethereal-solvents (entry 7) were 
found to be inferior. Polar-aprotic solvents as well as ionic 
liquids would both likely serve as good solvent mediums for 
the reaction of the present invention. As is evident above and 
FIG. 2, the solvents that did work well are examples of 
polar-aprotic solvents. It will be understood by one of skill 
in the art that industry has more of these types of solvents on 
hand and it is contemplated that another could work better. 
Ionic liquids, commonly characterized as salt compounds 
which are liquid below 100° C., also facilitate reactions that 
go through charged intermediates (as is the case in the 
reaction of the present disclosure). However, one skilled in 
the art would recognize that there are some subtitles about 
whether this is actually a solvent. It is a salt and therefore, 
has no vapor pressure and so is by some definition arguably 
not a solvent at all. However, it does serve as the reaction 
medium as does the solvent, hence the word choice. It 
should be understood that the term "solvent" as used herein 
for the purpose of the present disclosure would also include 
ionic liquids. 
40 consistent with the S
N
Ar mechanism. The absolute control 
of monoarylation vs. diarylation is remarkable considering 
that the previous methods were unable to selectively mono­
arylate. 
Acetonitrile was the solvent medium used for further 
studies because its comparatively greater volatility facili-
Empirical results indicate a less productive result for 
45 simple hexafluorobenzene even at elevated temperatures 
(200° C.) where it remained mostly unchanged. It did, 
however, demonstrate the robustness of MA at high tem­
peratures under basic conditions-as no decomposition 
products could be detected. Speculating that the lack of 
50 reactivity of hexafluorobenzene be attributed to an insur­
mountable reaction barrier, it was reasoned that this might be 
overcome by increasing the reactivity of the nucleophile. To 
accomplish this, malonate ester was used which is signifi­
cantly more basic (diethyl malonate pKa=16.4 in DMSO) 
55 and correspondingly more nucleophilic. The use of the 
malonate did indeed lead to clean substitution of even the 
least activated of the perfluoroarenes (FIG. 4). While it 
would have been preferred to have used Meldrum's acid as 
the nucleophile due to its synthetic versatility, ultimately the 
60 1,3-diester motif was obtained using diethyl malonate for 
hexafluorobenzene (3k), decafluorobiphenyl (31) and per­
fluoronaphthalene (3m), FIG. 4. 
Next, an effort was made to fully quaternerize the remain­
ing activated methine via alkylation (FIG. 5). However, after 
65 several failed attempts to methylate 2a via standard alky­
lation techniques this strategy was reevaluated. The lack of 
alkylation could have been due to either steric or electronic 
US 10,316,014 B2 
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inhibition (or alternatively a combination of both). It was 
suspected that the additional stabilization of the MA-car­
banion by the perfluoroarene significantly reduced the 
nucleophilicity of the carbanion and that the rate of alky­
lation (and subsequent arylation) was slow due more to the 5 
electronics than the steric inhibition of the transition state. 
In conclusion, the instant disclosure teaches conditions 
that facilitate the addition of Meldrum's acid to perfluoro­
and polyfluoroarenes to arrive at synthetically versatile 
highly fluorinated building blocks. Furthermore, it has been 
shown that advantage can be taken of the relatively acidic 
nature of the products to prevent over arylation and to 
Steric inhibition seems less likely given that there are 
numerous examples of quaternerized Meldrum's acid com­
pounds that were achieved via alkylation though admittedly 
there are no examples of alkylations of a-(2,6-disubstituted 
aryl)-Meldrum's acid. Nonetheless, the planned route to the 
fully quaternerized carbons was reconsidered. 
facilitate isolation. It is also shown that fully quaternerized 
carbons can be synthesized by reversing the order of 
events-which leverages the wealth of methods that exist 
10 for selective alkylation to circumvent the problematic alky­
lation. Given the increasing demand for fluorine incorpora­
tion into molecules of disparate fields, this simple method 
for construction of fluorinated building blocks will be of 
Next, the order of events was reversed. Using a-alkylated 




Ar reaction to arrive at the desired fully substituted 
Meldrum's acid derivatives (FIG. 6). The additions took 
place smoothly with no alterations from the initial condi­
tions despite the fact that the reaction forms a quaternary 
center, hinting that the inability to alkylate 2a is an electronic 
rather than a steric issue. As can be seen from the FIG. 6 the 
yields are good to excellent and to the first approximation­
take place with similar rates to the corresponding perfluo­
roarylation (i.e., FIG. 3). 
value for a broad spectrum of chemists. 
It is to be understood that the terms "including", "com-
prising", "consisting" and grammatical variants thereof do 
not preclude the addition of one or more components, 
features, steps, or integers or groups thereof and that the 
terms are to be construed as specifying components, fea-
20 tures, steps or integers. 
If the specification or claims refer to "an additional" 
element, that does not preclude there being more than one of 
the additional element. 
It is to be understood that where the claims or specifica­
tion refer to "a" or "an" element, such reference is not be 
construed that there is only one of that element. 
As would be apparent to one of ordinary skill in the art, 25 
a-aryl, a-alkoxy, and a-thio Meldrum's acid derivatives
would work as well and could be substituted for the a-alky­
lated Meldrum's acid. Additionally, and by way of example
and not limitation, the Meldrum's acid of these alternate
embodiments could be a compound of the form:
It is to be understood that where the specification states 
that a component, feature, structure, or characteristic "may", 
"might", "can" or "could" be included, that particular com-
30 ponent, feature, structure, or characteristic is not required to 
be included. 
where X represents OH, OAc, NHAc, SMe, CL, Br, or Ph. 
Finally, the utility of the MA-adducts as highly function­
alizable building blocks is demonstrated (e.g., FIG. 7). 
While the MA-adducts were stable under basic conditions, 
under acidic conditions they undergo facile hydrolysis, and 
nucleophilic addition. Under acidic conditions, nucleophilic 
attack of the carbonyl group and ring opening take place 
along with decarboxylation. The decarboxylation is signifi­
cantly accelerated by presence of the perfluoroaryl group 
such that it takes place readily at methanolic reflux ( and even 
at room temperature)19 rather than temperatures well over 
100° C.27 typical of the relevant diacids. Glycine ethyl ester
underwent smooth acylation to afford the N-addition product 
(6aa, equation (1), FIG. 7). The Weinreb amide which is a 
useful synthetic intermediate for the formation of ketones 
was easily formed by the addition of its HCl salt with gentle 
heating (6ac, equation (2)). Methanolysis of MA-adduct 2d 
(equation (3)) cleanly formed the dimethyl ester, which was 
subjected to photocatalytic hydrodefluorination (HDF) con­
ditions. By controlling the equivalents of reductant (the 
aliphatic amine) and the reaction time selective formation of 
both the mono-HDF product (6dda) and di-HDF (6ddb) 
(FIG. 7) were accomplished which allow access to a di- and 
trifluorinated arene that would be challenging to access by 
existing methods. 
FIG. 9 contains some additional compounds that were 
accessed according to the invention. 
Where applicable, although state diagrams, flow diagrams 
or both may be used to describe embodiments, the invention 
is not limited to those diagrams or to the corresponding 
35 descriptions. For example, flow need not move through each 
illustrated box or state, or in exactly the same order as 
illustrated and described. 
Methods of the present invention may be implemented by 
performing or completing manually, automatically, or a 
40 combination thereof, selected steps or tasks. 
The term "method" may refer to manners, means, tech­
niques and procedures for accomplishing a given task 
including, but not limited to, those manners, means, tech­
niques and procedures either known to, or readily developed 
45 from known manners, means, techniques and procedures by 
practitioners of the art to which the invention belongs. 
For purposes of the instant disclosure, the term "at least" 
followed by a number is used herein to denote the start of a 
range beginning with that number (which may be a ranger 
50 having an upper limit or no upper limit, depending on the 
variable being defined). For example, "at least 1" means 1 or 
more than 1. The term "at most" followed by a number is 
used herein to denote the end of a range ending with that 
number (which may be a range having 1 or O as its lower 
55 limit, or a range having no lower limit, depending upon the 
variable being defined). For example, "at most 4" means 4 
or less than 4, and "at most 40%" means 40% or less than 
40%. Terms of approximation ( e.g., "about", "substantially", 
"approximately", etc.) should be interpreted according to 
60 their ordinary and customary meanings as used in the 
associated art unless indicated otherwise. Absent a specific 
definition and absent ordinary and customary usage in the 
associated art, such terms should be interpreted to be ±10% 
of the base value. 
65 When, in this document, a range is given as "(a first 
number) to (a second number)" or "(a first number)-(a 
second number)", this means a range whose lower limit is 
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the first number and whose upper limit is the second number. 
For example, 25 to 100 should be interpreted to mean a 
range whose lower limit is 25 and whose upper limit is 100. 
Additionally, it should be noted that where a range is given, 
every possible subrange or interval within that range is also 5 
specifically intended unless the context indicates to the 
contrary. For example, if the specification indicates a range 
of 25 to 100 such range is also intended to include subranges 
such as 26-100, 27-100, etc., 25-99, 25-98, etc., as well as 
any other possible combination of lower and upper values 10 
within the stated range, e.g., 33-47, 60-97, 41-45, 28-96, etc. 
Note that integer range values have been used in this 
paragraph for purposes of illustration only and decimal and 
fractional values (e.g., 46.7-91.3) should also be understood 
to be intended as possible subrange endpoints unless spe- 15 
cifically excluded. 
It should be noted that where reference is made herein to 
a method comprising two or more defined steps, the defined 
steps can be carried out in any order or simultaneously 
(except where context excludes that possibility), and the 20 
method can also include one or more other steps which are 
carried out before any of the defined steps, between two of 
the defined steps, or after all of the defined steps ( except 
where context excludes that possibility). 
Further, it should be noted that terms of approximation 25 
(e.g., "about", "substantially", "approximately", etc.) are to 
be interpreted according to their ordinary and customary 
meanings as used in the associated art unless indicated 
otherwise herein. Absent a specific definition within this 
disclosure, and absent ordinary and customary usage in the 30 
associated art, such terms should be interpreted to be plus or 
minus 10% of the base value. 
Still further, additional aspects of the instant invention 
may be found in one or more appendices attached hereto 
and/or filed herewith, the disclosures of which are incorpo- 35 
rated herein by reference as if fully set out at this point. 
Thus, the present invention is well adapted to carry out the 
objects and attain the ends and advantages mentioned above 
as well as those inherent therein. While the inventive device 
has been described and illustrated herein by reference to 40 
certain preferred embodiments in relation to the drawings 
attached thereto, various changes and further modifications, 
apart from those shown or suggested herein, may be made 
therein by those of ordinary skill in the art, without departing 
from the spirit of the inventive concept the scope of which 45 
is to be determined by the following claims. 
What is claimed is: 
1. A chemical process, comprising:
reacting a substituted or unsubstituted six membered ring
with Meldrum's acid substituted at the 0,0-carbon 50 
with one or two moieties to form a monoarylate at the 
a position of the Meldrum's acid; 
wherein the six membered ring is selected from the group 
consisting of pentafluoropyridine, a polyfluoroarene, 
and a perfluoroarene; and 55 
wherein the one or two moieties substituted at the 0,0-
carbon of Meldrum's acid are selected from the group 
consisting of substituted or unsubstituted alkyls, 
cycloalkyls, or phenyls. 
2. The chemical process of claim 1
, 
wherein the 60 
Meldrum's acid used for the reaction is substituted at the a 
position with a moiety selected from the group consisting of 
a hydroxyl, a halogen, an alkoxy, a thio entity, an anm10nium 
entity, and an aryl. 
3. The chemical process of claim 1
, 
wherein the six 65 
membered ring contains an activating functional group 
selected from a group consisting of pyridines, nitro-substi-
8 
tuted substrates, ketones, nitriles, esters, difluoromethyl, 
trifluoromethyl, and substituted heterocycles. 
4. A chemical process, comprising:
reacting a substituted or unsubstituted six membered ring
with Meldrum's acid substituted at the 0,0-carbon 
with one or two moieties to form a monoarylate at the 
a position of the Meldrum's acid; 
wherein the six membered ring is selected from the group 
consisting of phenyls, pyridines, and pyrimidines, 
wherein said six membered ring is fluorinated with one 
to five fluorines; and 
wherein said Meldrum's acid has the structure: 
wherein X is selected from a group consisting of OH, 
OAc, NHAc, SMe, Cl, Br, and Ph. 
5. The chemical process of claim 4
, 
wherein the six
membered ring is substituted with at least one of a nitro 
group, halogen, carbonyl containing group, ester, hetero­
cycle group, and fluorinated alkyl group. 
6. The chemical process of claim 4
, 
wherein the six
membered ring contains an activating functional group 
selected from a group consisting of pyridines, nitro-substi­
tuted substrates, ketones, nitriles, esters, difluoromethyl, 
trifluoromethyl, and substituted heterocycles. 
7. A chemical process, comprising:
reacting a substituted or unsubstituted six membered ring
with Meldrum's acid substituted at the 0,0-carbon 
with one or two moieties to form a monoarylate at the 
a position of the Meldrum's acid; 
wherein the six membered ring is selected from the group 
consisting of phenyls, pyridines, and pyrimidines, 
wherein said six membered ring is fluorinated with one 
to five fluorines, and wherein the six membered ring 
contains an activating functional group selected from a 
group consisting of pyridines, nitro-substituted sub­
strates, ketones, nitriles, and esters; and 
wherein the one or two moieties substituted at the 0,0-
carbon of Meldruni' s acid are selected from the group 
consisting of substituted or unsubstituted alkyls, 
cycloalkyls, or phenyls. 
8. A chemical process, comprising:
reacting a substituted or unsubstituted six membered ring
with Meldrum's acid substituted at the 0,0-carbon 
with one or two moieties to form a monoarylate at the 
a position of the Meldrum's acid; and 
adding at least one of: 
a base sufficiently basic to deprotonate the Meldrum's 
acid and not prone to nucleophilic substitution; and 
diisopropylethylamine (DIPEA) m acetonitrile 
(MeCN); and 
wherein the six membered ring is selected from the group 
consisting of phenyls, pyridines, and pyrimidines, 
wherein said six membered ring is fluorinated with one 
to five fluorines; and 
wherein the one or two moieties substituted at the 0,0-
carbon of Meldruni' s acid are selected from the group 
consisting of substituted or unsubstituted alkyls, 
cycloalkyls, or phenyls. 
US 10,316,014 B2 
9 
9. The chemical process of claim 8, wherein the base is
selected from the group consisting of diisopropylethylamine 






10. The chemical process of claim 8, wherein the base is 5
in a solvent medium selected from the group consisting of 
polar aprotic, aprotic, halogenated, aromatic, ethereal, and 
ionic liquids. 
11. The chemical process of claim 8, wherein the base is
in a solvent medium selected from the group consisting of 10 
dimethyl sulfoxide (DMSO), dimethylacetamide (DMA), 
isopropyl alcohol (IPA), dichloromethane (DCM), tetrahy­
drofuran (THF), dimethylformamide (DMF), and acetoni­
trile (MeCN). 
12. The chemical process of claim 8, wherein the six 15 
membered ring is selected from the group consisting of 
pentafluoropyridine, a polyfluorophenyl, and a perfluoro­
phenyl. 
13. The chemical process of claim 8, wherein the six
membered ring is substituted with at least one of a nitro 20 
group, halogen, carbonyl containing group, ester, hetero­
cycle group, and fluorinated alkyl group. 
14. The chemical process of claim 8, wherein the six
membered ring contains an activating functional group 
selected from a group consisting of pyridines, nitro-substi- 25 
tuted substrates, ketones, nitriles, esters, difluoromethyl, 
trifluoromethyl, and substituted heterocycles. 
15. The chemical process of claim 8, wherein the
Meldruni's acid used for the reaction is substituted at the a 
position with a moiety selected from the group consisting of 30 
a hydroxyl, a halogen, an alkoxy, a thio entity, an anm10nium 
entity, and an aryl. 
* * * * * 
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